Abstract
However, we show that this amidase controls cell growth. In its absence, excess peptidoglycan 22 synthesis occurs at the cell periphery, causing cells to grow so large that cell division is defective. 23 We show that cell growth and division defects due to loss of this amidase can be mitigated by 24 attenuating the polymerase activity of the major S. aureus peptidoglycan synthase. Our findings 25 lead to a model wherein the amidase complex regulates the density of peptidoglycan assembly 26 sites to control peptidoglycan synthase activity at a given cellular location. Removal of peptide 27 chains from peptidoglycan at the cell periphery promotes synthase movement to midcell during 28 cell division. This mechanism ensures that cell expansion is properly coordinated with cell 29 division.
30
Main text 31 The bacterial cell wall, which is largely composed of a polymer called peptidoglycan, is precursor, Lipid II, and then crosslinked to the existing matrix via their attached peptides (Fig. 1a) . 36 Crosslinking is carried out by the transpeptidase domain of penicillin-binding proteins (PBPs) 37 using a mechanism that involves formation of a covalent adduct between the enzymes and the stem 38 peptides on newly synthesized peptidoglycan 3 . There are two modes of peptidoglycan synthesis 39 during the cell cycle. One mode occurs at the cell periphery and leads to an expansion in cell size; 40 the other occurs during cell division when a cross wall, or septum, is formed between two daughter 41 cells [4] [5] [6] . The first protein that assembles at the division site is the highly conserved tubulin homolog 42 FtsZ, which forms a ring-shaped structure called the Z-ring that serves as a scaffold for the ordered absent. Genetics combined with biochemistry showed that decreasing activity of the major 55 peptidoglycan synthase, PBP2, corrects the cell size and division defects due to lytH deletion. We 56 also showed that PBP2 accumulates at the cell periphery in the absence of LytH, which is likely 57 responsible for the excess peptidoglycan synthesis there. Taken together, our findings lead to a 58 model in which the LytH-ActH complex acts to remove free stem peptides from peptidoglycan in 59 order to control the density of peptidoglycan assembly sites, and thereby to control cell expansion.
60
Results
61
A transposon screen identified lytH as important in cell size control and divisome placement truncations and PBP2-His8 constructs. Antibiotics were used at the following concentrations for S.
252
aureus strains: kanamycin (50 μg/mL), neomycin (50 μg/mL), tetracycline (3 μg/mL), 253 chloramphenicol (10 μg/mL), and erythromycin (10 μg/mL). Antibiotics were used at the 254 following concentrations for E. coli strains: carbenicillin (100 μg/mL) and kanamycin (50 μg/mL).
256
Plasmid construction. Plasmids and oligonucleotides are listed in Supplementary Tables 8 and 9,   257 respectively. DNA sequencing of plasmids was conducted through Eton Bioscience and the Dana- To construct strains containing pLOW constructs 37 , the plasmids were first electroporated 355 into S. aureus strain RN4220 and transformants were selected on 10 μg/mL erythromycin at 30°C.
356
The pLOW constructs were transduced from these transformants into strain TD024 to construct 357 strains TD134, TD135, TD157, and TD164. ). These are the theoretical mass-to-charge ratios used to extract the ions.
469
All relative ion count plots represent the means and standard deviations from three independent 470 experiments. P-values were determined using an unpaired, two-tailed t-test: *P < 0.05; **P < 0.01; 471 ns, not significant. μg/mL carbenicillin, and the culture was grown overnight at 37°C with aeration. The overnight 599 culture was diluted 1:100 into 2 x 1 L Terrific broth supplemented with 100 μg/mL carbenicillin 600 and grown at 37°C with aeration until mid-log phase, at which point the culture was shifted to 
